A sthma severe enough to require admission to an intensive care unit (ICU) and the commencement of mechanical ventilation has generally only been studied in small centre-specific investigations. [1] [2] [3] [4] [5] [6] Divergent outcomes have been reported with significant variability in mortality. However, such studies have not addressed important wider epidemiological questions pertaining to trends in admission rates and the response to acute asthma treatment. Two reviews of sizeable populations extracted from high quality clinical databases have provided cross-sectional information on US and UK outcomes. 7 8 Pendergraft et al 7 reported a 9.4% hospital death rate among patients admitted to the ICU and requiring intubation in the year 2000. Gupta et al 8 reported a hospital death rate of 15.4% in a similar group of patients treated in critical care units during 1995-2001. However, neither examined trends in the incidence of patients admitted to ICU or changes in mortality over time.
Studies from the USA 9 and UK 10 have shown increasing mortality from asthma until the early 1990s, but a decline in more recent years. Australia is known to have had a higher asthma prevalence and mortality than other countries. 11 Asthma deaths in Australia peaked in 1989 but had decreased by almost 30% in 2001. 12 The Australian and New Zealand Intensive Care Society (ANZICS) Adult Patient Database (APD) contains data from over 500 000 adult admissions to 135 ICUs (from 1987 N There has been a reduction in the number of patients with a primary diagnosis of asthma admitted to an ICU in Australia over an 8-year period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) .
N There has been a reduction in the number of patients requiring mechanical ventilation for asthma.
N There has been a reduction in hospital mortality for asthma over the 8-year period.
N The hospital mortality for such patients is ,5% and better than predicted by the APACHE II score.
METHODS

Selection of patients and data
We interrogated the ANZICS APD for all admissions with asthma during the period from 1 January 1996 to 31 December 2003. Only those Australian ICUs that had continuously contributed data over this period were selected. Paediatric admissions (,16 years) were included if admitted to an adult ICU. The remaining data in the APD were analysed to determine whether outcomes observed in these 22 hospitals were representative of Australia.
ICU admissions with an APACHE II diagnostic coding of ''asthma/allergy'' were identified from the ANZICS APD. They were separated into those who required invasive mechanical ventilation within the first 24 h and those who did not. Demographic information including age, sex and date of presentation was extracted.
Severity of illness: APACHE II score, Glasgow coma score and physiological variables Severity of illness was assessed using the APACHE II score. 13 From this, the predicted risk of death was calculated together with appropriate 95% confidence intervals (95% CI) in accordance with the ANZICS APACHE II algorithm. Physiological (heart rate and blood pressure), biochemical (fraction of inspired oxygen (FiO 2 ), arterial oxygen and carbon dioxide tensions (PaO 2 , PaCO 2 ), pH, bicarbonate, urea, creatinine) and Glasgow coma score variables were extracted. In the APD, values are recorded to identify the most abnormal values within the first 24 h of admission to the ICU for severity scoring. Data about medication usage, smoking history and lung function tests are not recorded in the ANZICS APD.
Outcomes
Outcomes included the incidence of admission to the ICU (expressed as a proportion of total ICU admissions per year), the proportion of patients who required mechanical ventilation (instituted in the first 24 h) and hospital mortality. These were examined annually and for the whole 8-year study period. When patients were admitted to the ICU on more than one occasion during a hospital stay, only the first ICU admission was included in the evaluation of mortality. The length of ICU stay (days) and discharge location (home, another hospital or rehabilitation facility) were also recorded.
Statistical analysis
Data were analysed using SAS V.8 (SAS Institute Inc, Cary, North Carolina, USA). Univariate comparisons were performed using the Student t test, Wilcoxon rank sum test and x 2 test as appropriate. To determine changes over time, parametric and non-parametric tests for trend were performed. Parametric data are presented as mean (SD). Non-parametric data are expressed as median (interquartile range, IQR). All p values ,0.05 were considered significant. Multivariate models were constructed by a stepwise selection procedure and validated by a backward elimination procedure. All physiological and chronic health variables were used to build a multivariate model to determine factors associated with mortality. The same physiological values were used in the calculation of the APACHE II score. To avoid co-linearity, the APACHE II score was not included in the multivariate analysis.
RESULTS
Demographic data
Twenty two ICUs in Australia submitted data to the APD continuously over the 8-year period between 1996 and 2003. There were a total of 126 906 adult admissions to these 22 units and 1899 (1.5%) had a primary diagnosis of asthma/allergy. A summary of the demographic data and outcomes is shown in table 1. The number of ICU admissions for asthma declined from a peak of 267 in 1997 to 183 in 2003. When expressed as a proportion of overall ICU admissions, there was a significant decline from a peak of 1.9% in 1996 to 1.0% in 2003 (p,0.001, fig 1) .
Mortality
The hospital mortality for the 8-year cohort was 3.2%. Over the 8 years there was a significant decline in mortality to a minimum of 1.1% (2/174) in 2003 (p = 0.014). During the later years, observed mortality fell below (in 2002) the lower 95% confidence interval for the APACHE II derived predicted mortality (fig 2) . The factors significantly associated with mortality on multivariate analysis are shown in table 2.
Mechanical ventilation
Mechanical ventilation was required in 685 of 1898 patients (36.1%) during the first 24 h. Although the absolute number declined over the 8 years, the percentage requiring ventilation remained unchanged (table 1) . Mechanical ventilation was associated with mortality on multivariate analysis (OR 3.46, 95% CI 1.36% to 8.82%, p = 0.009; table 2). Of those requiring ventilation in the first 24 h, 6.5% died. This was similar to predicted mortality from the APACHE II score (7.0%, 95% CI 6.3% to 7.6%). Patients who did not require ventilation in the first 24 h had lower mortality (1.3%) than predicted by APACHE II (2.4%, 95% CI 2.3% to 2.7%). There was a significant fall in mortality among ventilated patients over time to a minimum of 2.8% in 2002 (p = 0.04, fig 3) .
Severity of illness: APACHE II score, Glasgow coma score and physiological variables
The mean APACHE II predicted risk of death for the 8-year cohort was 3.9% (95% CI 3.0% to 5.2%) compared with the observed mortality of 3.2%. There was a small but significant increase in APACHE II predicted risk of death (p = 0.002) over the 8-year period (fig 2) which peaked at 4.6% (95% CI 1.3% to 36.6%) in 2002.
Multivariate analysis confirmed that increasing Glasgow coma score was associated with a reduced likelihood of death (OR 0.89, 95% CI 0.83 to 0.96, p = 0.001). Over the 8-year period there was a reduction in the number of patients admitted with a Glasgow coma score of ,6 (from 23 in 1996 and 1997 to 7 in 2003), but when expressed as a proportion of the total patients this was not statistically significant. However, in the group with a Glasgow coma score of >12, there was a decrease in mortality from 3.8% in 1996 to 0% in 2003 (p = 0.002).
Among patients who were ventilated in the first 24 h, there was no difference in the pH values between survivors and nonsurvivors (mean (SD) 7.19 (0.16) and 7.17 (0.14), respectively; p = 0.18). Similarly, there were no differences in the mean (SD) PaCO 2 values between survivors and non-survivors (9.29 (4.40) kPa and 9.88 (3.88) kPa, respectively). However, among those who were not ventilated in the first 24 h, non-survivors had lower pH values (7.23 (0.15) and 7.34 (0.11); p = 0.02) and higher PaCO 2 values (10.39 (3.36) kPa and 6.00 (2.87) kPa; p,0.001) than survivors. In multivariate analysis (table 2), the only respiratory physiological variable associated with mortality was pH (OR 0.10, 95% CI 0.01 to 0.99; p = 0.048).
Physiological variables are shown in tables 3 and 4.
Validation of the dataset
The APD is known to offer a representative picture of admission and outcome patterns for the intensive care population in Improved outcomes from acute severe asthma in Australian ICUs
Australia. 14 Of 135 hospital ICUs which submitted data during this 8-year period, only 22 did so continuously. More hospitals were not included to analyse trends over time because gaps in data submission might have been interpreted as variation in incidence. However, we analysed the overall demographics of the remainder of the database. This listed 232 381 admissions to intensive care between 1996 and 2003, of which 3578 (1.5%) had a primary diagnosis of asthma/allergy. The mortality of these patients was 3.1%. These admission and death rates were the same as for the 22 hospitals in our main analysis (p = 0.34 and p = 0.93, respectively). All eight states and territories of Australia were represented by these 22 hospitals and all types of hospital were represented (3 rural, 6 metropolitan, 9 tertiary and 4 private hospitals).
DISCUSSION
The main findings of our study are that, over an 8-year period, there has been a reduction in the absolute number and proportion of patients admitted to ICU with asthma, that the proportion of ICU admissions who require mechanical ventilation in the first 24 h has remained unchanged, and that the mortality of these patients has significantly declined, despite increasing severity of illness.
Guidelines for the management of asthma were first produced by the Thoracic Society of Australia and New Zealand in 1989 at a time of peak mortality from asthma. Written asthma management plans 15 and inhaled preventer medications 16 are known to reduce admissions to hospital. Improvement in management of asthma in the community has reduced hospital admissions (reported in Australia 11 and other countries 17 ) and has led to a reduction in ICU admissions. Although the proportion of patients requiring mechanical ventilation (expressed as a percentage of all ICU admissions for asthma) remained constant over the study period, there was a reduction in the absolute numbers of patients. A similar trend has recently been reported by the Australian Centre for Asthma Monitoring (data from the Australian National Hospital Morbidity Database). 11 We report 36.1% of patients requiring mechanical ventilation in the first 24 h. However, it is likely that the overall requirement for mechanical ventilation was higher than this as mechanical ventilation instituted after the first day is not recorded in the ANZICS APD. Rates of mechanical ventilation between 15.4% in the USA 7 and 57% in the UK 8 have been reported, which may reflect differing ICU admission policies and ICU bed availability.
We found an overall hospital death rate of 3.2%. Although this was below the APACHE II derived predicted risk of death, this value fell between the 95% confidence intervals (3.0% to 5.2%). Thus, our observed mortality cannot be considered to be significantly better than predicted by APACHE II, a scoring system previously validated for the assessment of severity of illness in ICU admissions with asthma. 18 We have shown that the mortality from severe asthma requiring admission to ICUs sampled in Australia has decreased significantly over an 8-year period for all patients and for those requiring mechanical ventilation. Declining mortality has recently been described in Australia, 11 the UK, 10 South Africa   19 and the USA. 9 20 In 1990 the mortality associated with asthma in Australia was 5.6 per 100 000 population; by 2003 it had declined to 1.5 per 100 000 population. 11 It is therefore unlikely that the reduction in ICU deaths observed in our study was due to an excess of deaths in the general community outside hospital or delayed access to specialist care facilities. Furthermore, the reduction in deaths among patients admitted to ICUs was not because a greater proportion of those admitted were ''less sick''. The disease severity of patients admitted to the ICU (as estimated by the APACHE II score) increased over time; this implies improved patient management in the ICU.
Many factors may have combined to lead to the improved outcomes seen in our study, but it was neither designed nor powered to investigate which treatments may have caused this. Factors such as intravenous magnesium, 21 leucotriene antagonists, 22 non-invasive ventilation (known to be beneficial in exacerbations of chronic obstructive pulmonary disease (COPD) 23 ), and possibly increased awareness of detrimental effects associated with positive pressure ventilation in patients with asthma [24] [25] [26] may have contributed to improved outcomes. Early identification and intervention in a deteriorating patient (either on the ward to prompt ICU admission or within the ICU to prompt initiation of rescue therapies) is also likely to have been a factor. This is supported by the finding that the mortality of those who were not ventilated in the first 24 h (1.3%) is below the 95% confidence interval for the predicted mortality from the APACHE II score. The importance of the appropriate intervention in these patients is significant since non-survivors who were not ventilated in the first 24 h had a lower pH and a higher PaCO 2 level than those who did survive. It is unknown whether earlier consideration of mechanical ventilation in these patients might have improved outcomes even further.
The hospital mortality in our cohort of patients (3.2%) is similar to that reported by McFadden 27 Multivariate analysis showed that a number of ''nonrespiratory'' factors such as increasing age, rising urea, reduced Glasgow coma score, immunosuppression and reduced blood pressure were associated with mortality. This implies that derangement in other physiological systems, either due to preexisting disease or secondary to the severity of their asthma (eg, following cardiac arrest), were the most important in determining survival. Indeed, co-morbidities including obesity 28 and depression 29 are already known to contribute to poor asthma control and suboptimal outcome from acute exacerbations. However, it is unknown whether the association between immunosuppression and mortality implies mortality directly attributable to high-dose steroids (or drugs such as methotrexate and cyclosporine) or whether this simply reflects that patients who have the ''most difficult to control'' asthma (ie, most likely to be taking immunosuppressant medications) are those most likely to die. Of the 77 admissions who were coded as being immunosuppressed, 62% were on immunosuppressive treatment. The remainder had immunosuppressive diseases which might also have contributed directly to the mortality risk.
The major strength of our study is that accurately recorded data and a large study population allow close examination of changes over time. The ANZICS APD is the world's largest repository of intensive care data and is representative of Australian intensive care practice. 14 The overall incidence and mortality for ICU admissions with asthma were the same in the 22 studied hospitals as in the remaining submissions to the APD. Our findings are therefore likely to be representative of asthma outcomes throughout Australia and New Zealand.
There are potential limitations to our study. Selecting an APACHE II diagnosis of asthma/allergy may have introduced bias. Some of the patients included may have had an allergic or anaphylactic reaction without asthma. APACHE II is the most widely reported and used system for scoring ''severity of illness''. It is the only system that has been specifically validated to assess disease severity in acute asthma. 18 There are a number of other severity of illness scoring systems. The ANZICS APD has more recently collected data for the APACHE III scoring system which has a separate subcode for asthma; 1629 of 1899 (86%) patients in our cohort had an APACHE III subcode of ''asthma''. We can therefore be confident that these were admissions solely due to asthma. The remaining 270 admissions did not have data collected for APACHE III.
Patients with COPD may have been included in the cohort. 16.9% of the admissions were coded as having chronic respiratory conditions (which may or may not have been COPD) in addition to the primary admission diagnosis of asthma. Approximately one third of admissions were in patients aged .45 years of age, of whom an unknown percentage may have had COPD. This is a problem common to other studies of asthma. Patients in the study by Gupta et al 8 were of similar age (mean (SD) 43.6 (19.2) years) to those in our study. Indeed, over 50% of the patients in the study by Pendergraft et al 7 were aged .40 years. Furthermore, it is also possible that our study may have missed a small number of patients with asthma. For example, patients with severe asthma who suffered a pre-hospital cardiac arrest may have been coded as cardiac arrest and not asthma. Finally, as this is not a controlled study, we are unable to describe with certainty the aspects of care responsible for the improved outcomes observed.
In conclusion, the incidence of asthma in Australia requiring ICU admission is low and has decreased significantly from 1996 to 2003. The mortality of patients with asthma requiring ICU admission has also decreased significantly from 1996 to 2003, despite increasing severity of illness among those admitted. Finally, the mortality due to asthma in patients requiring ICU admission in Australia is now lower than that reported in similar studies. 
